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TEMPERATURE DEPENDENCE OF ELECTRIC FIELD GRADIENTS AT
Cd AND Hf SITES IN CADMIUM PEROVSKITES'

I.J. R. Bumwol’, F. C. Zawislak?, R. N. Saxana®
and Lucia C. Johnet®

1 - INTRODUCTION

The time-differential perturbed angular correlation (TDPAC) technique wr: used to messure the
electric field gradient (EFG) and its temperature dependence in ferroelectric perovskite-type compounds
of cadmium. The number of simple ferro and antiferroelectrics of the axygen-octahedral type is small,
consequently the synthesis of the compounds (‘dXOJ (X=Ti, Zr, Hf, Sn} and the observation of its
properties is of large interest. A comparison between the properties of the cadmium and the brst studied
lead perovskites is also of considerable interest.

Since the EFG reflects the microscopic charge distribution, its determination and specislly the
investigation of its temperature dependence should give valuable information about the properties of
these compounds. The experimental results are analyzed in terms of the structursi and electric propertiss
of cadmium perovskites which sre members of the displacive class of ferroelectrics.

We measured the angular correlation attenuation coefficientes A, ,(t) = An(D)Gn(t) where

6w"(
G, () = '2'2 0o 08 (w tiexp (-T—)

The smplitudes 0, | and the frequencies w, are refated to the quadrupole interaction frequency wq and
10 the ssymmetry parameter n'"). From the quadrupole interaction frequency, using the known values
of the electric quadrupole moments of the nuclear states, we extracted the maximal component V. of
the EFG.

2 - TOPAC OF Y''cd IN cdTio,

The ferroelectric perovskite-type compound of CdTi0, has been investigated by verious
techniques such as X-rays diffructionu"’, temperature and pressure dependence of the dielectric
constant'®) and infrared spertroscopy'®). Considerable amount of information has been obtsined but
some important properties of the crystal concerned to its structure, extent of the ccvalent bonding and
ths naturz of a phase transition at 50K are not wel) established.

{1) Premnted et the "IV Internetions! Confarence of Hyperfine Intersctions”, June 1317, 1978, Madison, N. J.,
iJnited States and Publicsted on the Hyperfine Interactions 4{1978) 615621 — North-Holtand Publishing
Company.

{21 Inmituto de F(sics, UFRGS, Porto Alegre, Brasil,

(3} IEA, S8o0 Paulo, Brasil.



With the intention of darifying the sbove points we perfrmed a saries of precise
messurementes of the EFG acting on '''Cd nuclei in CATiO, using the TDPAC technique. The
radioactive probe is '''In obtained by irradiating the sample with protons to produce the resction
"ca(pn) 1''in. 1" Vin decays by slectron capture to ' Cd and the messurements were done using
the intermediate state at 247keV (1=5/2, T, =84na) in '’ Cd. The quadrupole moment of this state
is Q=0.7701216'®), The CdTiO, sample was prepared following the method described in ref.!7).

The experimental An(t) curves for temperstures of 293, 77 and 16 K are shown in Figure 1.
The parsmeters extracted by computer fits of the experimental dats are displayed in Table |.
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Figure 1 — A;3G33(t) Coefticients st the Cd Site in CdTiO;. Calibration: 2.3 ns/channel

Wae have performed an ionic lattice sum calculation of the EFG using two possible structures
for CdT i0,, namely thePc2,n and Pemni{2) space groups. In this calculation we included the monopole
and dipole contributions, using the induced electric dipole moment of each ion given in ref.'®. The ion
positions in the unit cell for the Pc2,n specs group are giver in ref.'2’, and since the ion shifu
permitted by the two spece groups sre very similar except thet Pcmn(2) imposes certain restrictions, the
ion positions in this space group are readily established. The caiculation showed that the dipole
contribution to the EFG in CdTiO, is small compared with the ion contribution.

Table §
Experimental and Calculated Values for V_  and 7 at Cd Site in CdTiOy

Experiments! Calculsted
T w; n 3 Vl . Space V. n
’K) (MH2) , (10 Viem?) Group (10" "Vjem?)
293 1604(8) 0407(8)  0.057(5) 5.41(6) Pc2,n 8.16 0.83
77 1698(9) 0428(%  0.051(9) 6.71(8) Pemn(2) 9.05 0.39
18 17.2007)  0.437(6)  0.053(5) 5.80(6)




3

We note that VE3'S for both possible structures of CATiO, is lerger than VI*P; this is mainly
due to the fact that the covalent bonding has not been taken into account in the calculation. Qu the
other hand 5°*'® for the Pcmn{2) spece group reproduces very well the experimental result wheress for
the Pc2, n space group it is & factor of 2 larger than the experimental value. Since 1 depends mainly on
the symmetry of the isttice, this result indicates that the Pcnl2) spece group is the best assignment for
the structure of CdT iOa and 30 he ferrosiectricity of this perovskite is due to the distortion described
by this spsce group.

Unfortunetely the sign of V3:® was not messured. Assum'ng a positive sign for V1P the
asgreement between the experimentsl and the calculated values is obtained if we admit that the covalent
distribution to V,_is of thadudMofV::"udoloppumsm This is consistent with the
results obtained in many other perovakites like PoHO, !, Phz:0, 1), PuTiO, and BaTiO,"" 7).

The smell decresse of V"" end n**P from 16 10 77°K is due to lattice expension and/or
wbr.tmUu.nﬂvadnnpunmmmwdtumlgmadrmacwmmofV and 2191011},
So, this result indicates that the phase transition at 50°K'®) is not sccompanied by & structural change
and since OdTuO is a displacive ferroelectric it is very probebly a transition from one terroelectric state

tolmﬂmumbyl.ywmnulm

As an extension of the results presented above we aiso report messurements of the EFG at thr
Cc sitm in CAXO, (X =Ti, Zr, Hf and Sn) perovskite-type compounds. Here the TDPAC measurements
were made by umdmm the samples with neutrons to produce the resction ''9Cdin.y)? ' '™Cd and so
populste the isomeric stste at 397 keV in '7'Cd with T, =49 min. This state decays through the
cascade 150-247 keV via the same 247 keV level usad in the measuwrements reported sbove. Due 1o the
short haif-iife of the momeric state the statistics is poor and only room temperature messurements could
be done. The A, (1) coefficients are shown in Figure 2.
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Figure2 — A;3Gy4(t) Costficients st the ' ' Cd Site in CAXO0; perovskites. Neutron sctivated samples.
Calibrstion: Sns/channel,




In Tabie Il are displayed the parametars extracted from the fittings, the velues of V'" for esch
compound and the V“lc and n°'¢ values obtained using the lattice parameters of each L

We note that:
a) the data for CdTiO, confirm the messurement done with the proton niabatad sample;

b} the calculation for V, and 7 st Cd site in CJHIO, made with the ion positions given by
the Pemn{2) space group fits ressonably well tiv: experimental results, indicating that the
structure of this perovskite is similar to the structure of CdTin,;

¢ for CdZrO, and CdSnO, the values of VE2'® and 7°*'C with the two spece graups Pc2,n
and Pemn(2) do not agree with the experimental values. This results indicate o large
departure of the structure of these perovskites from the two spsce groups proposed by
Kay and Miles for the structure of c«moa.

Table N

Experimental and Calculated Vailues of Vn and n at Cd Site in
Cadmium Perowskites (Neutron Irradiated Samples)

Experimental Calculated
Pc2,n Pem{2)
Perovskite Wy Vn n Vl " n Vn n
v
MHZ)  {10'"—;} (101 7-L) (o' "2
cm cm’ :m’
CdHfO;  17.3(77  61(2) 035 5 76 078 8.0 0.32
CdZrO;  100(8) 3314)  046(12) 40 056 75 0.35
CdSn0, 17814  63(3)  0.57( 5 74 072 815 032

3 - TDPAC OF %775 IN CoH1O,

The EFG acting at the Hf(Ta} site in CdH.J4 was measured as a function of temperature 1o
investigate the phase Uansitions in this compound. The preparation of the sample was made following
the method described in ref.!?). .

Previous results obtained studying dielectric and optical propertiss indicate that CdHfO
exhibits antiferroslectric proparties' 1), Two phase transitions ware detected at 878 and 993° K
Ancther phese transition was reported by Aver‘yanova st ol.'") st 288 K.

The TDPAC measurements were done using as radioactive probe the rucleous of 181 Hf which
decays to '8'Ts populsting the well known 133482 keV 7 cescade. The experimentsl A1)
cosfficients for four typical temperstures sre shown in Figure 3. The solid linas represent best fits with
theorstical expressions. '

In Figures 43 and 4b we show the complete set of V?>® and n**® &5 @ function of
temperature (Q = 2,63 2 0.10b'" > was used for the 482 keV stote of  181Ta).



We note thet V"’mlmhunmmonxmﬂnumymhua
wyvnﬂﬁmdmnunlhnthAlva':"mn"’h-naM“mm
decressing by & factor of 4. Meny factors influence the V, . and 71 dependence with tempersture. We
mmmmnMWolmmm.ﬁnwiubnhmhmm
of the perovskite cell and the dipnie resrrangement close to the critical temperstures.
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Figure 3 - A, G..() Cosfficients st the '*'Ta Site in CdHSO,. Calibration: 0.48 ns/Chennel
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Figure 4 — V,y 0d 7 88 0 functien of temperature in CAHIO,



The tempersture dependence of the lattice parameters of OdH!O was studied by Spinko et
ol.'"2 This work establishes definitively the existence of two hqm-mm. phase transformations et
8781 15°K and 983 1 5°K. The first transformation from the orthorombic phese | into the orthorombic
phase || is characterized by an increase in the volume of the reduced pevovskite ceil. The second phese
tramsformation is accompanied by 3 sharp change in the volume of the perovskite cail and 3 chenge in
its symmetry from orthorombic 11 1o the rhombohedral phase. There is no structure change st 288°K.

We have performed a point charge Ianiusunﬂlmluionusim(:dmo, lattice parameters and
assuming that the structure of CAHIO, is similar to that of CdTiO, discussed in the previous section. At
room tempevature we obtain V<2'¢ =27 x 10'7 V/ecm? and 7°*'€=0.33. The varistion of V' with
temperature estimated using the data of reference 12 is much smaller than the experiments! one. The
varistion of 7™ with temperature, on the other hand, agrees ressonably with the experimental results.

The discrepancy between V::’ and V::" is certainly due 1 the dipoler and covaient
contributions to V, (s detailed study if this problem is under progress).

We did not observe any change in V"" and 1" around 288°K, in agreement with the X-ray
data of Spinko et al. ha
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